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Introduction 


The  Bureau  of  Agricultural  Chemistry  and  Engineering,  which  I 
have  the  honor  to  represent  at  this  meeting,  is  engaged  in  scientific 
research  studies  relating  to  chemical  and  engineering  prolilems  cornect- 
cd  with  explosions  and  fires  in  the  handling,  milling,  processing,  and 
storage  of  agricultural  prodticts.   In  this  research  work  on  explosion 
and  fire  prevention  our  Bureau  has  cooperated  very  closely  with  the 
agricultural  ind\istries  directly  concerned  and  with  the  fire  departments 
in  the  handling  of  fire-fighting  operations  in  cormection  with  these  in- 
dustrial plants,  A  very  pleasant  and  helpful  relationship  has  "been 
estahlishcd  with  these  industries,  fire  departments,  and  fire  prevention 
associations,  Scxfoty  and  insurance  organizations,  and  State  and  Eedoral 
agencies.   Among  the  national  organizations  cooperating  in  this  explo- 
sion and  fire  prevention  \vork  are  the  National  Eire  Protection  Associa- 
tion, National  Safety  Council,  International  Association  of  Eire  Chiefs, 
International  Association  of  Fire  Fighters,  National  Board  of  Eire  Under- 
writers, National  Eire  Waste  Council,  VJestcrn  Actuarial  Bureau,  American 
Standards  Association,  axid  a  number  of  other  national  organizations  inter- 
ested in  the  fire  and  explosion  prevention  movement. 

This  direct  contact  with  these  organizations  affords  a  ready  means 
of  translating  into  actual  practical  use  the  results  of  technical  research 
on  dust  e:q)losion  prevention,  and  it  is  therefore  especially  pleasing  to 
have  an  oj^portunity  to  "present  some  of  the  developments  in  this  reseo.rch 
work, 

(l)  Research  Work  on  Dust  Explosion  Prevention 

It  should  he  entirely  unnecessary  to  inform  a  Pittsburgh  audience 
that  the  Federal  C-overnment  has  conducted  extensive  research  studies  to 
determine  the  causes  of  dust  explosions  and  to  develop  methods  for  their 
prevention  and  control. 

The  Bureau  of  Minos,  U,  S,  Department  of  the  Interior,  with  its 
finely  oqtiipped  testing  station  in  this  city,  has  definitely  established 
the  fact  that  o:q)losions  can  occur  in  bitxxminous  coal  mines  without  the 
presence  of  explosive  m.ine  gases,  and  that  the  ignition  of  the  coal  dust 
itself  has  been  responsible  for  many  disastrous  mine  explosions.  As  a 
direct  result  of  effective  research  work  by  that  Bureau  m.ethods  have  been 
developed  for  the  use  of  inert  dusts,  such  as  shale,  lim.estone,  and  gypsum, 
for  the  control  and  prevention  of  coal  dust  e:q)losions,  Reports  issued 
by  the  Safety  Section  of  the  Bureaii  of  Mines  indicate  that  these  methods 
have  proved  very  satisfactory. 

The  studies  of  the  Bureau  of  Agricultural  Chemistry  and  Engineer- 
ing, U,  S,  Department  of  Agricn.lturo  _,  show  that  under  favorable  conditions 
a  dust  explosion  can  occur  in  an;/  industrial  plant  or  manufacturing  estab- 
lishjnent  v/here  com.bustible  dust  is  created  during  Eianufacturing  operations. 
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When  these  research  studies  were  undertaken  it  was  generally  supposed  that 
it  would  be  necessary  to  grind  or  crush  grain  and  produce  the  pov/dery, 
starchy  materials  from  the  inside  of  the  grain  heforo  an  e>rplcsive  dust 
would  ha  encountered.   This  was  largely  due  to  the  fact  that  an  explosion 
of  flour  dust  produced  in  the  manufacture  of  v/heat  flour  in  a  Minneapolis 
mill  in  1878  caused  the  lose  of  IS  lives  and  oxtensivc  property  dama.go ,  A 
largo  numhor  of  explosions  in  grain  elevators,  where  no  grinding  or  manu- 
facturing operations  v/erc  engaged  in,  showed  definitely  that  the  dust 
produced  in  the  handling,  elevating,  conveying,  and  storing  of  grain  also 
was  explosive, 

A  survey  has  shown  that  the  dust  explosion  hazard  exists  in  a  v;ide 
range  of  industries,  such  as  flour  and  feed  mills,  grain  elevators  ("both 
terminal  and  rural),  starch  factories,  sugar  refineries,  wo odv;orking  plants, 
powdered  milk  plants,  soap  powder  factories,  sulphur  crushing  and  pulveriz- 
ing, hard  rubhor  recovery  plants,  cork  pulverizing  plants,  chocolate  and 
cocoa  plants,  paper  mills,  insocticir'.e  plants,  celluloid  and  textile  plants, 
aliiminum,  zinc,  and  magnesium  xalants,  fertilizer  plants,  and  rosin-handling 
plant  s , 

We  find,  therefore,  that  approximately  28,000  industrial  plants  in 
the  United  States  are  subject  to  the  dust  e:-rplosion  hazard.   These  plants 
normally  employ  1,325,000  persons  and  manufacture  products  having  an  annual 
value  of  more  than  ten  billions  of  dollars  ($10,000,000,000). 


ESBI3  FOR  GOFTIFUrZI  SAE3TY  EDUCATIOaT 

Research  studies  on  the  prevention  of  dust  explosions  in  industrial 
plants  have  been  going  on  for  several  years.   During  the  World  War  period, 
when  grain  dust  explosions  threatened  to  have  a  serious  effect  in  reduc- 
ing available  food  supplies,  an  intensive  educational  campaign  was  con- 
ducted throughout  the  United  States  in  grain  elevators,  flour  mills,  and 
processing  plants  where  a  dust  explosion  hazard  was  present. 

After  all  this  activity,  it  would  appear  .reasonable  to  expect  that 
the  officials  and  employees  in  industrial  plants  vrhere  explosive  dusts 
are  produ.ced  would  be  fully  informed  as  to  the  hazards  of  dust  explosions 
and  the  methods  that  should  be  employed  for  their  prevention  or  control. 
However,  the  investigation  of  some  i^ecent  explosions  has  definitely  indi- 
cated that  many  of  the  younger  employees  in  a  number  of  industrial  plants 
have  not  had  occasion  to  become  fcimiliar  with  the  dust  explosion  hazard, 
and  that  the  educational  v/ork  carried  on  twenty  years  ago  must  be  resuj-ned 
with  the  oncoming  generation.  j' 

Fire  protection  and  explosion  prevention,  while  technical  in  m.any 
of  their  aspects,  rest  fundamentally  upon  public  education;  it  is  only 
when  these  subjects  are  understood  that  the  necessary  impetus  is  given 
for  the  aDplication  of  technical  measures  of  fire  prevention  and  fire 
protection.   It  is  very  im;;oortant  to  remember  that  public  education,  or 
even  education  of  a  limited  group,  must  bo  continuous  tc  be  effective. 
For  instance,  a  given  group  of  employees  in  some  recognized  hazardous 
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industry  mav  be  fully,  informed  as  to  the  imjjortance  of  fire  and  e:cplosion 
safety  measures,  v/ltli  resultant  notable  decreft.se  in  fire  and  explosion 
losscsj  but  as  a  new  generation  comes  into  the  industry  educational  activi- 
ties must  be  continued  in  order  to  maintain  the  improved  record,  A  strik- 
ing example  of  this  is  furnished  in  the  field  of  dust  orplosion  prevention. 


S0M3  COl'IPAPJSOI'S 

A  comparison  of  tv;o  explosions  in  different  linos  of  industry  may 
serve  to  indicate  the  importance  and  value  of  continued  safety  education. 

( a)  Explosion  in  Boiler  F.oom  -  Brewing  Plant 

An  explosion  in  the  boiler  room  of  a  brev/ing  plant  resulted  in  the 
death' of  five  persons,  injuries  to  several  others,  and  extensive  dam.age 
to  the  building  and  equipment.  This  explosion  occurred  during  the 
elevating  of  coal  tar  pitch,  used  for  fuel,  from  a  delivery  truck  on  the 
street  level  to  the  top  of  the  storage  bunker  on  approxim.ately  the  fourth 
floor  of  the  building.  The  use  of  electric  v;elding  equipment  during  re- 
pair v/ork  on  the  steel  elevator  log  casing  while  the  equipment  was  ru.nning 
was  considered  responsible  for  the  ignition  of  the  pitch  dust  cloud  pro- 
dxiced  in  connection  with  the  unloading,  elevating,  and  storage  operations. 
The  investigation  of  this  explosion  disclosed  that,  although  the  operating 
official  had  been  in  charge  of  the  boiler  plant  for  approximately  fourteen 
years,  he  was  not  adequately  informed  on  the  dust  oiqjlosion  hazard ,   Thi  s 
explosion  showed  definitely  that  repa,ir  operations  of  any  kind  in  plants 
where  explosive  dusts  are  produced  should  not  be  carried  on  v;hile  equipment 
and  apxoaratus  are  in  operation. 

( b )  Explosion  in  Starch  Factory 

In  contrast  with  the  expdosion  just  cited,  it  is  of  particular 
interest  to  consider  an  explosion  which  occurred  in  a  starch  factory  a  fev.r 
months  before,  i\ro  employees  were  either  burned  or  injured  and  the  property 
loss  was  less  than  $500,  chiefly  because  the  management  and  employees  v;ere 
familiar  with  the  dust  explosion  hazard  and  had  applied  proper  safety 
measures  for  the  prevention  of  dup.t  exrplosions  in  starch  factories. 

The  fact  that  there  was  no  lor, s  of  life  in  this  explosion,  no   em- 
ployees injured,  and  the  property  loss  was  very  small  is  particularly 
significant  vmen  it  is  recalled  that  a  previous  explosion  in  this  same 
plant  several  years  before  caused  the  loss  of  42  lives,  injuries  to  many 
others,  and  property  damage  of  about  $750,000,   The  earlier  explosion,  of 
course,  occurred  Tjrior  to  the  development  of  the  safety  Code  for  the  pre- 
vention of  dust  explosions  in  starch  factories. 

The  limited  effects  of  the  explosion  in  this  starch  plant  indicate 
definitely  the  splendid  vrork  v;hich  has  been  done  in  the  prevention  of 
dust  explosions.  No  life  has  been  lost  from  a  dust  explosion  in  the 
starch  and  corn  products  industries  since  September,  1930  -  a  period  of 
almost  nine  and  a  half  years.  This  remarkable  record  is  a  significant 
indication  of  the  value  of  the  work  of  the  safety  organizations  in  the 


-  4  - 


EXTSIT  OF  DUST  EXPLOSION  L0SS5S 

In  the  last  20  years  -  the  period  from  1919  to  1938  -  there  have 
"been  598  oust  explosions  in  industrial  plants  in  the  United  States.   In 
those  explosions  318  persons  lost  thoir  lives  and  712  others  v;ere  in- 
jured.  The  property  and  stock  losses  (insurance  paid)  amoiintcd  to 
$28,302,685. 

RESUGTIQTvT  III  LOSSES 

It  is  very  gratifying  to  observe  that  there  has  "been  a  marked  re- 
duction in  losses  from  dust  explosions  in  industrial  plants  in  recent 
years.  The  comparative  losses  for  the  last  two  ten-year  periods  arc 
as  follov's: 

Losses  for  10-year  period,  1919  to  1928,  incl .  $18,249,900 

Losses  for  10-year  period,  1929  to  1938,  incl.  10,052,785 

Redviction  in  losses  for  10-year  period  $  8,197,115 

Average  annual  reduction  in  losses,  approx.  $   820,000 

These  rodiictions  in  dust  explosion  and  fire  losses  as  v/ell  as 
the  savings  in  insurance  costs  which  have  ensued  due  to  a  reduction  in 
rates  for  the  ar'plication  of  dust-oxi^losion  and  firo-provention  methods 
definitely  show  the  cccnom.ic  value  of  this  research  v.^orlr. 


DEV5L0PM3NT  OF  SAI^ETY  CODES  lOR   DUST^  EXPLOSIOI^J  PREVE^^TTIOIT 

The  reduction  in  dust  e:-cplosion  losses  has  been  due  largely  to 
the  ado;otion  of  the  measures  recommended  in  the  safety  codes  v.diich  have  heen 
developed  hy  the  Dust  Explosion  Hazards  Comm.ittee  of  the  National  Fire 
Protection  Association.   This  committee,  composed  of  representatives  from 
the  various  indiis tries  directly  concerned  and  from  insurance  and  saioty 
orga.nizations,  State  and  Eedoral  officials,  and  construction  and  eQ_uip- 
ment  engineers,  works  under  the  leadership  of  the  Chemical  Engineering 
Research  Division  of  the  Bureau  of  Agricultixral  Chemistry  and  Engineering. 

The  following  safety  codes  develo-)ed  by  the  Dust  Explosion  Hazards 
Committee  have  "been  adoT:>ted  "by  the  National  Fire  Protection  Association 
and  the  National  Board  of  Eire  Underv/riters ,  and  approved  as  "American 
Standards"  "by  the  American  Standards  Association. 

1.  Flour  and  feed  mills 

2.  Sugar  and  cocoa  pulverizing 

3.  Pulverized  fiiel  installations 

4.  Terminal  grain  elevators 

5.  Starch  factories 

6.  Coal  pneumatic  cle.'.'.ning  plants 

7.  V/ood  flour  manufacturing  establishnients 

8.  Spice-grinding  plants 

9.  V/ood.-V7orking  plants 

10.  Use  of  inert  gas  for  fire  and  explosion  prevention 

11.  Aluir.inum-bronze  pov/der  manufr.cturing  plants. 
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A  safety  code  for  the  prevention  of  dust  explosions  in  the  handling, 
grinding,  and  storing  of  sulphn.r  has  heen  recently  prepared  by  this  commit- 
tee as  well  as  an  outline  of  J\5.ndr>,mental  Principles  for  the  Prevention  of 
Dust  Explosions  in  Industrial  Plants,  not  covored  hy  special  codes.   Those 
complete  codes  have  been  recently  made  available  by  the  National  ?irc  Pro- 
tection Association  in  a  publication  entitled,  "National  Pirc  Codes  for 
the  Prevention  of  Dust  Explosions," 


.   ,  ,  SAFBTY  CODE  POP  ALUMIITUI4  DROHZIi]  POVfDER  ILVFJPACTimE   . 

The  preparation  of  the  new  safety  code  for  the  Prevention  of  Dust 
Explosions  in  the  Manufacture  of  Aluminum  Bronze  Powder  vrhich  has  been 
recently  approved  as  "Ainorican  Standrrd,"  is  a  splendid  example  of  the 
fine  spirit  of  cooperation  on  the  part  of  the  representatives  of  the  in- 
dustry in  the  preparation  of  this  safety  code.   In  their  desire  to  pro- 
vide the  maximum  safety  possible  in  order  to  gu.a^'d  against  the  d^ist 
explosion  hazard,  these  representatives  v;rote  into  this  code  recommenda- 
tions covering  the  installation  of  electrical  equipment  which  went  beyond 
the  requirem.ents  of  the  existing  electrical  code.  The  ilational  Electrical 
Code  has  since  been  amended  to  include  these  suggestions.   It  is  this  spirit 
of  cooperation  on  the  part  of  industry  v/hich  has  made  possible  a  marked 
reduction  in  our  dust  exj)losion  losses. 

The  aluminum  code  is  of  special  im.portance  at  this  time  because  it 
represents  the  first  work  of  the  committee  dealing  v/ith  non-carbonaceous 
dust.   It  will  be  recalled  that  aluminum,  n   metal,  was  not  considered  a 
combustible  material,  or  at  least  did  not  fit  in  the  original  definition 
v;hich  explained  that  any  combustible  m.aterial  fine  enough  and  dry  enough 
to  form  a  cloud  in  air  could  be  ignited  and  would  explode  v;ith  violence 
under  favorable  conditions. 

Laboratory  tests  had  shovra  that  aluFiinum  powder  could  be  ignited 
and  would  explode  with  violence.  Actual  ex-^losions  in  aluminum  plants, 
particularly  the  aluminum-bronze  producing  sections,  had  proved  that  a 
serious  hazard  to  life  and  property  existed  in  such  plants  unless  protec- 
tive measures  were  adopted,  V/ith  the  help  and  advice  of  representatives 
of  the  aluminum-bronze  producing  indiistry  serving  on  a  subcommittee  under 
the  direction  of  Dr.  George  S.  Rice,  formerly  chief  mining  engineer  of  the 
U.  S.  Bureau  of  Mines,  a  safety  code  was  pre-oared.   After  more  than  two 
years'  consideration  it  was  presented  in  May,  1939,  to  the  National  Eire 
Protection  Association  for  adoption. 

The  nev/  code  follows  the  general  pattern  of  the  other  dust  explosion 
prevention  codes,  but  makes  specific  recommendations  concerning  the  loca- 
tion and  construction  of  buildings,  the  malcing  and  handling  of  the  powder, 
the  location  of  electrical  equipment,  the  elimination  of  sources  of  igni- 
tion, and  fire-fighting  methods. 

GRAIN  ELEVATOR  LOSSES 

Although  losses  from  dust  explosions  have  been  reduced  materially 
in  the  food-manufacturing  indiistries  which  have  cooperated  in  working  out 
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and  adopting  practical  safety  a,nd  preventive  measures  against  dust  exiolo- 
sions  and  resulting  fires,  there  is  still  need  for  more  definite  attention 
to  the  develcpment  and  application  of  methods  for  the  control  and  preven- 
tion of  dust  exp'losions  in  grain  elevators.   Since  1930,  56  grain  elevator 
explosions  have  boon  reported ,.  In. those  explosions  40  people  were  killed, 
145  v/orc  injured,  and  the  property  losses  aniountcd  to  more  than  $7,500,000, 
These  56  explosions  v/ore  almost  36  percent  of  the  total  numhor  of  explosions 
reported  during  the  period. 

It  must  "be  recognized,  therefore,  that  the  most  disastrous  losses  from 
dust  explosions  are  occurring  in  terminal  grain  elevators,  and  that  satis- 
factory progress  has  not  heen  made  in  the  control  of  dust  explosions  in  this 
"branch  of  the  grain-handling  industry.  Much  of  this  can  "be  assigned  to  the 
lack  of  provision  for  adequate  dust  control  during  handling,  storing,  and 
shipping  operations,    . 

In  considering  this  satter  several  years  ago  when  it  v/as  apparent  that 
extensive  losses  were  occurring,  the  Bureau  of  Chemistry  in  the  Department 
of  Agricult'are  lea^rned  that  many  of  the  dust-collecting  systems  installed 
in  grain  elevators  throughout  the  United  States  could  not  "be  used,  or  were 
dismantled  hecaiisc  of  the  ohjection  of  the  officials  having  jurisdiction 
over  the  weighing  of  the  grain.   The  weighing  departments  stated  that  grain 
weights  v/ore  grecxtlj   affected  oy   the  action  of  suction  used  in  the  collec- 
tion of  the  dust.  Reports  of  tests  conducted  "by  a  number  of  elevator 
operators,  however,  indicated  that  the  weight  of  the  dust  removed  is  almost 
negligible.   Some  men  e^cperienced  in  grain  handling  stated  that  less  dust 
is  removed  hy   suction  than  is  lost  in  handling  grain  by  means  of  poor 
machinery,  with  no  dust-collecting  equipment . 

Confronted  v/ith  these  conflicting  statements,  the  Bureau  of  Chemistry 
made  a  preliminary  study  of  the  effects  of  dust  collection  on  the  weig'nt 
of  grain.   The  results  of  this  study  showed  tiiat  much  depended  on  the  de- 
sign and  installation  of  the  dust-collecting  eo^uipment .   In  many  cases  the 
equipment  seemed  to  have  been  insta,lled  v/ith  no  knov/ledge  of  the  fundamentals 
of  good  design.   In  some  cases  the  claims  of  weighing  departments  that  grain 
had  been  drawn  out  by  improper  application  of  suction  to  remove  the  dust  at 
certain  points  between  the  car  v/hich  was  being  unloaded  and  the  scales 
probably  were  correct.  Vo    information  concerning  a  generally  accepted 
method  of .  applying  suction  or  the  proper  equi-oment  to  use  could  be  obtained. 
Every  elevator  seemed  t'o  have  its  own  system  of  dust  control  and  .no-  stand- 
ards existed,  ITone  of  the  systems  was  so  installed  as  to  permit  inspection, 
nor  \'ias  any  of  them  so  designed  that  it  would  be  impossible  to  lift  grain 
by  increasing  the  speed  of  the  fan,  with  a  corresponding  increase  of  suc- 
tion. 

It  will  be  necessary  to  develop  and  install  effective  methods  for 
dust  control  and  collection  in  grain  elevators  to  reduce  du.st  explosion 
losses.  Until  this  is  done  it  will  not  be  possible  to  m.ake  progress  in 
dust  explosion  co::trol  in  terminal  grain  elevators  comparable  to  vrhat  has 
been  accomplished  in  the  coiitrol  of  dust  explosions  in  other  grain  and 
milling  industries. 
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EF?ECT  Qg  M'^-J   MAmJ?ACTU-RIFG  PROCESSES 

Dust  explosions  may  occur  in  any  indiis trial  i^lant  where  combustible 
dusts  are  present  ..as  the  result  of  the  installation  of  some  nev/ly  devel- 
oped equipment  ♦  Many  of  the  dust  ejq^losions  in  recent  years  in  the  United 
States  have  boon  directly  associated  with  the  introduction  of  new  manu- 
facturing processes  which  have  opened  up  additional  sources  of  ignition, 
arid  have  resulted  in  conditions  favorable  to  explosions.   It  is •therefore 
highly  desirable  that  nev;  manufacturing  operations  bo  carefully  oxaminod 
to  detect  possible  dust  explosion  hazards,  and  that  o.ttcntion  be  given 
to  the  adoption  of  preventive  measures . 


EACTOES  IN  DUST  E^'IPLOSIOIT  PREVENTIOIT 

The  two  principal  factors  in  dust  explosion  prevention  in  industrial 
plants  are: 

1,  Effective  measures  for  control  and  removal  of  explosive  dust; 

2.  Elimination  and  control  of  sources  of  ignition. 

SOIvJE  HBTEODS  EOR  PREVEFnOlT  AW   COFTEOL  OE  DUST  S}gLOSIO'JS 

Some  of  the  methods  that  have  proved  effective  for  prevention  and 
control  of  dust  explosions  can  be  listed  as  follows: 

1 .  Effective  Dust  Collection  and  Dust  Removal  Systems . 

Cleanliness  and  good  housekeeping  are  of  prime  importance,  A  dust 
explosion  cannot  occur  unless  combustible  dust  is  present , 

2.  Removal  of  Eoroign  Material  from  Grain. 

Investigations  have  indicated  definitely  that  dust  clouds  have 
boon  ignited  by  sparks  from  metal  particles  in  grain  stream.s. 

3 .  Inert  C-as  Protection  in  G-rinding  and  Pulverizing  Operations . 

The  reduction  of  the  oxygen  content  of  the  air  in  enclosed  systems 
by  the  introduction  of  an  inert  gas,  such  as  carbon  dioxide  (CO^) ,  in 
grinding  and  pulverizing  operations  has  proved  effective. 

4.  Protection  of  Electrical  Appliances  and  Equipment. 

The  danger  of  inadequately  protected  electrical  appliances  and 
equipment  has  been  definitely  established. 

5.  Control  of  Static  Electricity, 

Static  electricity  must  be  recognized  as  one  of  the  prominent 
causes  of  dust  exiolosions,  and  provision  should  be  made  for  the  effective 
rem.oval  of  static  charges  from  all  types  of  mechanical  equipment  handling 
combustible  dusts  or  operating  at  points  vmere  these  dusts  are  present. 


6.  Closed  Stoi'a.gQ  Bins. 

Tho  value  of  closed  storage  "bins  and  the  undosirability  of  inter- 
connections TDetv7een  storage  'bins  lias  "boon  definitely  indicated  by  explo- 
sions in  grain-handling  plants. 

7,  Explosion  Venting  Areas  in  G-r  a  in-Handling  and  Milling  Plants, 

It  is  possible  to  vent  grain  dust  explosions  without  structural 
damage,  and  the  cffoctivcnoss  of  glass  vents  in  actual  explosions  has 
been  v;cll  established  under  actual  explosion  conditions. 


IMPORTAITCE  OF  RESEARCH  STUDIES  Oil  DUST 
EXFLOSIOH  AED  I'IRE  PKSTEITTIOIJ 

Research  v/ork  on  dust  ei-cplosion  and  fire  prevention  has  as  its 
primary  object  the  developinent  of  rethods  and  appliances  for  the  pro- 
tection of  huiran  life,  foodstuffs,  and  property . 

The  practical  application  of  the  research  already  done  has  re- 
sulted in  a  narked  reduction  in  losses  from  dust  explosions  and  fires 
in  some  of  the  principal  gra.in  and  milling  industries.   There  still  re- 
main many  important  x^i-^'olcms  in  other  industries  handling  and  processing 
agricultural  products  that  must  bo  studied  in  order  to  develop  further 
control  and  xir  event  ion  methods. 
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